Abstract
Background
The Faculty of Applied Science and Engineering at the University of Toronto is one of the largest faculties of engineering in Canada. It has approximately 4500 undergraduate students and 9 engineering programs. All of the programs are currently accredited and the next accreditation visit to our Faculty will be in 2012. The programs have independent curricula from year 1. The curriculum in each program is controlled by a curriculum committee which monitors the curriculum and proposes changes. The changes are considered, and generally approved, by a Faculty level curriculum committee. In most of the programs the curriculum is monitored according to content rather than outcomes.
We are now in the process of responding to the requirement from the CEAB (Canadian Engineering Accreditation Board) for the development of a continuous curriculum improvement process (CCIP) [1] .
This requires us to consider the learning outcomes achieved by our graduating students, and in general to monitor our curricula at all levels based on learning outcomes. While some of our programs have been actively involved in curriculum mapping for some time (notably Engineering Science), for most of our programs this is a new way of understanding their program. At the University of Toronto we do not use CDIO [2] explicitly or other frameworks that have "built in" outcomes. So we are effectively starting from scratch in this process. This was taken into account in our decisions about how to approach the development of a CCIP.
Format
We decided to use a Faculty level committee to begin the process of developing a CCIP. This group is called the Graduate Attributes Committee (GAC) and has representation from all of the programs. Some schools have started with a full curriculum mapping process; what could be termed a "bottom up" process. We decided instead to use a "top down" process for several reasons. First, to build capacity in outcomes development and assessment. Our faculty are not required to have stated outcomes for their courses so most of them are not familiar with development of learning objectives. By coaching a group of people through the process at the Faculty level, they can then serve as coaches within their departments. In a large diverse Faculty it was important to create this type of network. We do not expect every one of our faculty to become experts in developing learning objectives, but we do need to build some capacity within each department. Second, this allows us to develop a set of common indicators that pertain to every program. We felt that it was important to have commonality to a large degree across the Faculty.
Shaping the indicators, and having them common, allows us to define what it means to be a "UofT engineering graduate". Also, the GAC is made up largely of people who are on the Faculty Undergraduate Curriculum Committee or who have been involved with curriculum development before.
They are generally well informed about the curricula across the Faculty and can provide a broad systems perspective on the development of the CCIP for our programs. We also found that using a Faculty level committee not only helped us develop commonality in our indicators, but also helped us develop a common process. This development process can now be implemented at the departmental level.
And the discussions we have had at the Faculty level will inform the work done at the departmental level.
Our Graduate Attributes Committee makes use of expert subcommittees to develop indicators for each of the attributes. For example, we asked our Engineering Communication Program (ECP) faculty to develop the indicators for attribute 3.1.7 Communication. And we had a group of our design instructors develop the indicators for attribute 3.1.4 Design. These expert groups brought their suggested indicators back to the GAC for review. Typically it required at least two passes through the GAC in order to converge on a clear, essential set of indicators for each attribute. To date we have developed a preliminary set of indicators for 7 out of the 12 attributes (see tables in Appendix A). We expect to have a complete set of indicators finished by December 2011.
In working through this process we found that it was difficult to move directly from the attributes as given by CEAB which are very general (or global) to indicators, which are clear, demonstrable outcomes. So to help us organize and structure the activity we developed a small set of global objectives for each attribute (see Tables 1 through 7) .
These global objectives assist us in creating a shared definition of the attribute. They provide our working group, and departments, with a more clear understanding of how we are interpreting or defining each attribute. Then our indicators for each attribute are organized within this structure. The set of indicators provides us with a set of specific abilities that comprise a component of the attribute.
This structure produces more indicators than we would typically want to measure for any one attribute. We would not expect any one program to collect data on all of these indicators. Instead, each program would select a subset of the indicators that they will use to measure competency in the attribute. Presumably the indicators chosen by a program would span the global objectives so that the data collected would give a broad picture of the student cohort outcomes.
To date we have developed indicators for 7 of the indicators and we have 3 more in progress. The work to date has been very informative. By discussing the attributes, our Faculty committee has been able to identify what we expect from our graduates across all programs.
This has led to some very intense discussion, and reflection about what we are teaching, and what we need to be teaching. We have also found that there are substantial overlaps between our indicators (many indicators could be placed in two or more attribute categories). We are now in the process of mapping these connections to evaluate whether we can harmonize our indicators; i.e. remove overlap (indicators with similar intent but different wording) and create instead indicators that pertain to two or more attributes.
Next steps
In order to collect data on the indicators we are now mapping our indicators to our assessment tools. This mapping involves looking at assessment rubrics we are already using in several of our capstone courses and identifying connections between the criteria on the rubrics and the indicators we have developed. One example is our fourth year thesis course in Engineering Science, ESC499. The rubric used for the final project in this course was mapped to the indicators for Investigation and Communication. We are currently collecting data using this rubric. We will be looking at the data we collect this semester from this rubric to see if we can reasonably draw conclusions from this assessment tool about our students' abilities in these two attributes. We are collecting similar data in several other capstone courses as well. By June 2011 we should have some results that will indicate how we might want to evolve our indicators, assessment tools and data collection to create a strong quality assurance process.
We have already identified several issues with the assessment tools we currently use. First, some of the rubrics do not have enough information about the levels (e.g. below expectations, meets expectations, etc.) to allow for clear assessment of the indicators. Second, some of the indicators do not map well to the assessment tools we are currently using so we need to consider whether to change the indicator or the assessment tool. And third, the attributes we are currently piloting (Communication, and Investigation) are very clearly ones that we already explicitly assess. However, we have already identified that we do not currently assess teamwork explicitly in upper years in most programs (it is explicitly assessed in first year). To assess teamwork as a graduate attribute will require changes to our current assessment system and possibly our curriculum.
Future work and conclusions
We have now moved from the Faculty level phase of this project to the phase that will be driven more strongly at the departmental level. The two remaining attributes that need to be developed are Knowledge Base and Engineering Tools, which are more discipline specific. The GAC will be responsible for developing a few core indicators for the Knowledge Base and Engineering Tools attributes. However, the departments will then take the lead in developing departmentally specific indicators for these two attributes. The departments are also tasked now with identifying courses, and other learning experiences, where attainment of graduate attributes are demonstrated. The departments must (working with the GAC members) adapt or create assessment tools that map sufficiently well to the indicators to collect meaningful data. We expect this whole system to be ready for piloting by December of 2011.
While the departments are busy getting their assessment plans together, the GAC will be working out guidelines for the continuous curriculum improvement process. This includes decisions about data collection methodology including sampling, and timing. The timing issue is of particular importance. We do not intend to collect data on every attribute every year. So deciding whether to follow a cohort or cycle through the attributes is an important decision. Overall we are progressing toward a cohesive curriculum improvement process.
However, we expect that significant evolution of our original plans will be necessary to achieve the goal. Good Engineering Practice) appropriate to the discipline, including regulations, standards, guidelines, quality of written work Ability to describe engineering roles as they pertain to Environmental, Health and Safety Understand the concepts of risk management (hazard vs risk; identification, assessment, mitigation, tolerance, etc) Consider the entire life cycle within such an evaluation Identify options, select and defend a preferred option as part of an integrated design experience Ability to discuss the impacts of engineering within a global society (the broader public interest)
Recognize the limitations of regulations, codes and standards, and the limits of a life cycle analysis, when engineering in a global context Ability to behave in a professional manner
Understands and behaves in a manner consistent with the Guideline on Professional Practice, particularly with regards to interpersonal relations Demonstrates professional etiquette and conduct as illustrated in the Guideline on Professional Practice, particularly with regards to interpersonal relations Table 5 . Attribute 3.1.9 Impact of engineering on society and the environment Global Objectives Indicators Understand the relationships among technology and the social, cultural, economic and environmental conditions of society, locally and globally.
• Explain the interconnectedness of social and technological development, including both the impacts of technology on society and impacts of society on technology • Describe the role of technological development in globalization and as a local and global socio-economic force • Describe the types of impacts, both positive and negative, of technological development on the natural environment • Describe the types of impacts, both positive and negative, of technological development on the social and cultural aspects of society Ability to identify the types of short-and long-term impacts of a specific technology on society, the environment, and human health and safety.
• Identify the possible social, cultural, environmental and human health-related impacts over the life-cycle of an engineering product or activity relevant to the student's discipline Identify and evaluate the potential risks (likelihood and consequences) to human health and the environment of an engineering product or activity relevant to the student's discipline • Identify relevant viewpoints and stakeholders in an engineering activity • Communicate information about the potential impacts of an engineering products and activities to a non-technical audience • Recognize the challenge of prediction, given the complexity of social, environmental and technological systems, and demonstrate an appreciation of what isn't known.
Ability to identify and choose alternative ways to mitigate or prevent adverse social, environmental, human health and safety impacts.
• Compare technological alternatives and identify means to mitigate the social, environmental, human health and safety impacts • Apply principles of preventive engineering and sustainable development to an engineering activity or product relevant to the student's discipline Ability to identify legal issues relevant to an engineering activity.
• Identify legal requirements relevant to a specific engineering activity, such as standards, codes or regulations • Recognize relevant codes and standards, and when to apply them • Identify legal risks relevant to a specific engineering activity Appreciate the role of the engineer, and other disciplines and professions, in social/technological development.
• Describe the unique role of the engineer in social/technology development • Appreciate the social and natural sciences and diverse epistemological viewpoints in a technology-driven society Identify the tasks required to complete an engineering activity, and the resources required to complete the tasks Determine and adjust the schedule of tasks and their resources to complete an engineering activity on time and within budget
